The virus of poliomyelitis is believed by most investigators to enter the human body usually by way of the nose, and in view of the fact that the disease can be produced readily in Macacus r~sus monkeys by this route (1) , the experiments of recent years have been concerned for the most part with production of resistance in them to nasal infection.
Active and passive immunization have thus far failed to provide a means for the regular protection of monkeys against infection with poliomyelitis virus by way of the nose (2) (3) (4) (5) (6) . Another approach to the problem of preventing poliomyelitis was made possible by recent studies on the effect of the nasal instillation of certain chemical agents on the susceptibility to infection with viruses by the nasal route. Olitsky and Cox (7) , in 1934, showed that mice which received a number of nasal instillations of tannic acid or alum were rendered resistant to subsequent infection with equine encephalomyelitis virus by the nasal route. Shortly thereafter, Armstrong (8) reported a similar effect of sodium alum in the prevention of nasal infection of mice with the virus of St. Louis encephalitis, and while the present investigation was in progress, Armstrong and Harrison (9) reported experiments on the prevention of poliomyelitis in monkeys. They found that "the instillation of sodium aluminum sulphate, 4 per cent, into the nostrils of monkeys resulted in the survival of 17 from a group of 23 animals, while only 3 from a group of 19 nonprepared controls survived similar intranasal inoculation with poliomyelitis virus." Of the 17 surviving, alum-treated monkeys one developed partial paralysis of the hind legs and 7 "ran a course of fever, beginning from 5 to 21 days following the first inoculation and lasting from 6 to 13 days, which seemed probably due to poliomyelitis."
The purpose of the present investigation was to answer as far as possible the following: (a) Has nasal instillation of tannic acid or sodium alum, in proper concentration, any effect on the susceptibility of monkeys to infection with poliomyelitis by the nasal route and if it should be found to have a preventive action, (b) what is the time required for the refractory stateto be induced? (c) What is the duration of the refractory state, and (d) is the resistance the result of an action of these chemicals on the virus or on the tissues? (e) Can the refractory state be maintained over a period of weeks by daily instillations, or does it disappear in spite of continued treatment, and (f) what is the effect of beginning treatment soon after, rather than before, the virus is administered?
(g) D o e s specific antiviral i m m un i t y develop in the refractory animals, and (h) can these chemicals be safely instilled in the nose of m a n ?
Methods and Materials
Virus.--The M.V. or mixed virus strain which has undergone many monkey passages in this Institute was used in all tests. The spinal cords and medullae of nasally instilled monkeys which were sacrificed at the earliest possible time after the development of complete paralysis, were preserved in 50 per cent glycerol-saline solution and used within a month or two. Pieces of tissue from three or four monkeys were pooled, and after removing the meninges washed in three changes of physiological saline solution, the cords were weighed and ground with sand, adding sufficient saline solution to make a 10 per cent suspension. This suspension was centrifuged for 2 to 3 minutes at low speed, sufficient to sediment the sand and large particles. After pouring off the supernatant liquid, the resultant milky tissue suspension was used for nasal instillation. 1 cc. of this fluid was introduced into each nostril by means of a tuberculin syringe to which was attached a well fitting rubber urethral tip. The monkey's head was tilted downward, the fluid expelled quickly from the syringe, then drawn back into it and expelled once more, closing the nostrils with the fingers upon withdrawing the syringe. A fresh virus suspension was prepared 48 hours later and the same dose repeated. No lavage preceded the administration of the virus.
Experimental Disease in Normal A nimals.--Macacus rhesus monkeys of the usual size, i.e. about 2 to 3 kilos, were used in all the experiments but one, in which an effort was made to test particularly young animals weighing about 1 kilo. Rectal temperatures were taken daily for at least a month after the first dose of virus, and frequent observations were made of the physical condition. Approximately 80 per cent of normal monkeys given two doses of virus as described above developed paralysis, which in most instances was progressive, leading to death, although the monkeys were as a rule killed by ether inhalation when they became prostrate. The monkeys which failed to develop paralysis showed neither fever nor physical signs which could be attributed to poliomyelitis, and when retested by the same method a month or two later almost always succumbed with typical poliomyelitis. It appears, therefore, that with the virus and monkeys used the failure of some few animals (about 20 per cent) to develop paralysis after one test is probably due more to the method or the potency of the virus rather than to any inherent resistance on the part of the animals.
In view of the fact that an occasional monkey in an experiment failed to contract the disease, it was necessary even in preliminary tests to use more than one or two monkeys. With three monkeys as controls, two always developed paralysis and sometimes all three; when four were used, three of them, as a rule, and sometimes four showed poliomyelitis; frequently more than four controls were employed for an experiment.
Treatment with Tannic Acid or Sodium Alum.--Solutions of tannic acid
(tannin) and sodium alum, c.P., (A12Na2(SO4)4.24 H20) were made up in the desired concentrations in distilled water and kept at room temperature. 1.5 cc.
of the solution to be tested was instilled into each nostril from a pipette or syringe fitted with a rubber urethral tip and administered with the same technique as the virus. The frequency with which the chemicals were given and the time relationship between treatment and instillation of virus varied in different experiments.
EXPER IM-ENTAL

Protective Action of Nasal Instillations of Sodium Alum and Tannic
Acid.--Previous experiments carried out in this laboratory indicated that tannic acid or alum when used in concentrations of 0.5 to 1 per cent was capable of protecting mice against infection with the virus of equine encephalomyelitis b y the nasal route; it was furthermore pointed out (7) that treatment had to be continued for at least 3 days to obtain o p t i m u m results.
In Table I is shown a series of tests in which similar concentrations of tannic acid and alum were used in monkeys subsequently given poliomyelitis virus intranasally. In all but one of the groups the tannic acid or the alum was given once a day for 3 days and again on the days of infection, 6 hours before the instillation of virus. The group of monkeys treated with 0.8 per cent tannic acid received instillations three times a day for 2 days, two instillations 4 hours apart on the 3rd day and 4 hours later, the first dose of virus, after which no more of the chemical was administered. The results indicate that concentrations of tannic acid and alum, applied in a manner capable of protecting mice against nasal infection with equine encephalomyelitis virus, were ineffective in protecting monkeys against infection with poliomyelitis virus by the nasal route.
When, however, the concentration of alum and tannic acid was increased to 3 or 4 per cent, a distinctly beneficial protective effect was obtained. Table II shows the results of three different experiments. Of 27 monkeys treated with either 3 or 4 per cent alum or tannic acid, only four developed poliomyelitis; while of 28 control monkeys simultaneously infected with the same virus suspensions, 22 became paralyzed. In Experiments C and E none of the treated monkeys developed the disease, while in Experiment D, in which the virus suspension might have been unusually potent (all five control monkeys succumbed), four of the eight treated monkeys exhibited poliomyelitis. It may be worth while to note that in Experiment C monkeys weighing about 1 kilo and probably less than a year old were used. In Experiment E one group of four monkeys received daily nasal instillations of 4 per cent alum over a period of 13 days; this was done to determine whether the refractory state once developed, as may be assumed from the other experiments, might disappear within a few days in spite of continued treatment. However, all of the four monkeys so treated proved resistant, indicating that the protective effect does not disappear too rapidly, at least not while the treatment is being continued daily. Among the 23 treated monkeys which resisted infection, there was none with any evidence of a mild or abortive attack; the majority showed no fever, while occasional rises of temperature among others could not be attributed to poliomyelitis. In other words, the protective effect in the monkey was either complete or not at all present.
Conditions Influencing Development of Refractory State.--To ascer-
tain the optimum conditions for inducing in monkeys the refractory state to nasal infection with the virus, as well as to recognize its limitations, it was desirable to know something of the manner in which this state was brought about. Clearly, the first question to arise concerns the effect of these chemicals on the virus itself, in order to determine the rSle of tannic acid or alum remaining adherent to the
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nasal mucosa in preventing infection. It has already been pointed out (4) that while tannic acid precipitates suspensions of poliomyelitis virus, the precipitates remain highly infective when injected intra- cerebrally. To determine, however, whether or not such precipitation might interfere with the infectivity of the virus after nasal instillation, the following experiment was performed.
A 20 per cent suspension of poliomyelitis virus in 0.85 per cent NaC1 was divided into two parts; one was mixed with an equal part of 0.85 per cent NaC1, and the other with an equal amount of 4 per cent sodium alum. Immediate gross flocculation occurred in the alum mixture. Both were left at room temperature for 30 minutes, and then given to monkeys intranasally in the usual manner. Of two monkeys treated with the alum mixture, one succumbed to poliomyelitis, and of the four receiving the saline suspension two developed the disease.
There is no apparent direct action of these chemicals on the virus which would account for the refractory state. T h a t the protective action is brought about b y a local, rather than a systemic, effect of these substances has been shown in experiments with mice, in which the nasal instillation of tannic acid prevented infection when equine encephalomyelitis virus was given intranasally but not when it was injected intracerebraUy (7). I t was also indicated in the same communication (7) that mice had to be treated several times a day for at least 3 days to obtain the optimum protective effect. In the present investigation it has already been shown t h a t three single daily instillations of adequate concentrations of alum or tannic acid along with single instillations 6 hours before the virus proved effective. To determine whether 4 per cent alum might have any effect within 6 hours or even 48 hours, and for how long 3 days' treatment might be effective in preventing infection, the following experiments, summarized in Table III , were carried out.
Three monkeys were given one instillation of 4 per cent alum and the first dose of virus 6 hours later; the next day they received one alum treatment, and on the following day alum in the morning, followed by the second dose of virus 6 hours later. Since two of the three monkeys so treated developed poliomyelitis (three of four untreated controls succumbed), it was evident that the first dose of virus could not have been inhibited by the alum given 6 hours previously, and that the three alum treatments within 48 hours probably also had little effect on the second dose of virus. It was apparent, therefore, that whatever the changes produced by the alum leading to the refractory state, more than 2 days are required to bring them about.
In the next experiment (G) four monkeys were given nasal instillations of 4 per cent alum once a day for 3 days; the first dose of virus was administered 48 hours after the last alum instillation, and the second dose 96 hours later. As is indicated in Table III , the 3 days' treatment was insufficient to protect the animals against virus given 48 and 96 hours later. On the other hand, as will he shown later (Table V) 
e n t l y the result of a n y direct effect on t h e virus, it seems m o r e t h a n probable t h a t the action of these chemicals is on the tissues of the host. 
Result
Remained well Fever 4, par. 9, prostr. 11 " 4, " 7, " 9 1-6, 1-7, 1-8 developed poliomyelitis (see Table I ) Fever 8, par. 11, prostr. 12 " 6, " 8, " 10 " 11, " 14, " 20 Remained well Fever 4, par. 7, prostr. 8 " 8, " 11, " 12 " 6, " 10, " 11 " 5, " 10, " 11 " 7, " 11, " 12 A ~ 4 per cent sodium alum intranasaUy. See Table I for explanation of other abbreviations. * Monkeys 2-0 and 2-6 succumbed to poliomyelitis when they were retested, again intranasally, 1 month later.
E f f e c t o / T r e a t m e n t B e g u n S o o n after N a s a l I n s t i l l a t i o n o f V i r u s . -
T h e experiment shown in T a b l e I V was p e r f o r m e d in order to note (a) w h e t h e r nasal instillations of alum have an early effect in favoring the invasiveness of the virus, a n d (b) w h e t h e r the progression of the virus from the nose to the brain is sufficiently slow for t r e a t m e n t s t a r t e d soon after infection to have an inhibitory effect on the devel-o p m e n t of the disease. Both questions have plainly a practical viewpoint, the first being designed to indicate whether or not there might be any danger of increasing the incidence of morbidity if alum were given to an individual already carrying the virus, and the second to show whether or not any benefit m a y be expected from treatment instituted soon after the virus gains entrance to the host.
Four monkeys were given the usual dose of virus intranasally and 3 hours later the first treatment with 4 per cent alum with another instillation of alum 24
TABLE IV
Effect of Alum Treatment Begun Soon after Nasal Instillation of Virus
Mode of treatment a n d infection---~ys Table I. hours later. The next day the second dose of virus was given and again followed in 3 hours by alum; for the subsequent 3 days each monkey received one nasal instillation of alum a day. Four other monkeys were instilled with the same virus suspensions and, instead of alum, with physiological salt solution in the same amount and manner. These controls were included to determine whether nasal lavage in itself performed within 3 hours after virus administration may wash away enough of the infective agent to prevent onset of the disease. One untreated monkey received only the virus.
The results (Table IV) indicate first, that nasal lavage b y itself, as carried out in this experiment, does not prevent the development of poliomyelitis, since three of four monkeys so treated showed the disease; secondly, it may be assumed that alum treatment started soon after virus instillation does not increase the susceptibility of the monkey to infection, since only two of the four alum-treated monkeys exhibited poliomyelitis as compared with four of the five controls. One cannot readily attribute the resistance of the two treated monkeys to the alum which they received. I It is evident, moreover, from the results of the later tests on the susceptibility of the monkeys to infection, that the six alum treatments which they received appear to have rendered them resistant to the virus 1 month later, while their mate, saline-treated monkey, which similarly survived the first test, succumbed on reinoculation 1 month later.
Persistence of Acquired Resistance.--A subject for inquiry now was whether the monkeys which received two nasal instillations of virus (a total of 4 cc. of 10 per cent suspension) and resisted experimental infection as a result of treatment with either alum or tannic acid, acquired a specific active immunity as evidenced by the development of neutralizing or protective antibodies in their blood, and by the continued resistance to infection by either the intracerebral or nasal routes. It has recently been pointed out by Flexner (10) that normal monkeys, which for one reason or another fail to develop clinical poliomyelitis after nasal instillation of virus, do not show antibodies in their blood and are not immune to reinfection. Four alum-treated monkeys which completely resisted two doses of poliomyelitis virus were bled 3 months later and submitted to infection by the nasal route. Their blood contained no neutralizing or protective antibodies (i.e., 0.8 cc. of serum mixed with 0.2 cc. of a Berkefeld N filtrate of a 5 per cent suspension, or approximately 20 M.1.D., failed, after incubation, to prevent poliomyelitis) and all four developed the typical disease on reinoculation (Table V) .
Evidently no active immunity was induced, and 3 months after treatment the monkeys were again fully susceptible to infection. It was still important to determine, if possible, how long the acquired C. Levaditi and V. Danulesco (Compt. rend. Soe. biol., 1912, 73, 252) showed that certain chemicals which are virucidal in dtro, when administered nasally in large quantities as early as 2 hours after the instillation of virus in the nose, failed to prevent poliomyelitis in monkeys. t After the third test, this monkey was bled and its serum showed antiviral bodies. I t also resisted another intranasal test dose given at this time.
refractory state persisted in the adequately treated monkeys, which did not develop poliomyelitis on the first test.
Accordingly, most of the refractory monkeys were retested at monthly intervals until practically all developed poliomyelitis (Table V) . Needless to say, a suitable number of normal monkeys was included in each test. It should be stated here that normal monkeys, which remain weU after the nasal test with virus, almost always (only one exception was observed during the present investigation) succumb when retested i month later (see Flexner 10) ) and not infrequently even more rapidly and regularly than monkeys which are receiving the virus for the first time.
It seems highly significant that of 15 refractory monkeys retested after 1 month, 11 failed to develop poliomyelitis; 10 of these 11 were tested again at 2 months and five came down with the disease while five were still resistant. Including monkeys of other series, 15 refractory animals were subjected to intranasal instillation with virus after a period of 2 months, of which seven were still found to be resistant. Of 11 monkeys similarly tested after 3 months, 10 developed poliomyelitis.
In a previous experiment (Table III) it was shown that three treatments with 4 per cent alum are either insufficient to induce resistance, or when such protection is conferred it does not persist for 48 to 96 hours. In the present tests (Table V) , it appears that five or more treatments with 3 or 4 per cent sodium alum or 4 per cent tannic acid, given on as many days, protect the majority of monkeys (about 73 per cent) for at least a month, and almost half of them (about 47 per cent) for at least 2 months.
Effect of Nasal Instillations of Tannic Acid and Alum in M a n . -The results of the preceding experiments suggested that similar procedures might perhaps be tried in man if the chemicals used, i.e. tannic acid and alum, prove neither too irritating nor possibly harmful on prolonged instillation. Tannic acid and alum have been used in human therapeutics for many years without any obviously harmful results; both have been used even in the solid state for controlling epistaxis.
To determine the symptoms resulting from the continued nasal instillation of 4 per cent tannic acid or sodium alum, five volunteers took either one or the other preparation daily over a period of 5 days or more. Various methods of instilla-tion were tried (dropper, nasal douche, spray) using approximately 1 to 3 cc. for each nostril. With the dropper and nasal douche, a certain amount of the solution invariably found its way into the pharynx giving rise to somewhat unpleasant taste sensations, which, however, did not occur whena spray was used. The latter also probably reached more remote parts of the nasal mucosa. Administration of the solutions by spray was therefore considered preferable.
For a few minutes after instillation of either 4 per cent tannic acid or sodium alum there is an open, astringent feeling, which is soon superseded by a sense of turgescence and slight irritation (tickling) accompanied by sneezing and the appearance of a clear mucoid discharge. This usually lasts for 30 minutes to 2 hours. The same symptoms reappear when the treatment is repeated on subsequent days, although sometimes with diminished intensity. There was no interference with the sense of smell. In some, the instillations were continued for 7 or 10 days without any harmful results. There appeared to be no appreciable difference between tannic acid and alum, and withal it was felt that the temporary slight unpleasantness was not sufficient to contraindicate its use.
SUMMARY AND DISCUSSION
In the present investigation evidence was obtained indicating that nasal instillations of suitable concentrations of sodium alum or tannic acid induce in Macacus rhesus monkeys resistance to the development of poliomyelitis when the virus is introduced by the nasal route. It was found that apparently different concentrations of these chemicals are required to exert this type of protective effect in different hosts or against different viruses, for while mice are readily protected against nasal infection with equine encephalomyelitis virus by 0.5 per cent solutions of tannic acid or alum (7) , monkeys require at least 3 per cent solutions to become resistant against poliomyelitis. Experiments designed to elucidate the development of this refractory state in monkeys indicate that it is a result of the action of these chemicals not upon the virus but rather upon the tissues of the host (probably the olfactory mucosa); further evidence in favor of this hypothesis may be found in the observation that several days of treatment are required before resistance is induced. While one nasal instillation a day for 3 days proved effective when additional treatments were given on the days of virus administration, there was no protection against infection when the virus was given 48 and 96 hours after the last treatment. The resistance which was demonstrable when the virus was instilled intranasally on the 4th and 6th days after the beginning of treatment was also found to be present a week later when the treatments were given daily, indicating that the refractory state can be maintained in this manner. It was observed, however, that monkeys which were given nasal instillations of alum or tannic acid for 5 days or more may retain the resistance they acquired for 1 or 2 months without any additional treatment (Table V) ; thus, of 15 refractory monkeys retested after 1 month, 11 were still resistant; seven of 15 monkeys were refractory when retested after 2 months, while only one of 11 failed to develop poliomyelitis after an interval of 3 months. These last results suggest that to maintain such a refractory state over a period of months it may be necessary to employ daily instillations only for about a week, with subsequent repetitions at intervals of several days or a week. An experiment performed to determine the effect of beginning alum treatment soon after, rather than before, the virus is administered, indicated that there is no danger from a possible early or primary effect enhancing the invasiveness of the virus. One cannot state with any certainty, however, whether or not in some of the monkeys so treated the development of poliomyelitis is inhibited or prevented. Finally, it should be stressed that treatment with alum or tannic acid either completely prevented the disease in monkeys, or else was entirely without effect. It is therefore not surprising that no evidence was obtained of development of specific, active immunity in monkeys rendered refractory by chemical treatment.
As far as could be ascertained, the nasal instillation of tannic acid or alum in man proved thoroughly innocuous beyond some local irritation for a short time. The desirability of testing this procedure as an aid in the prevention of poliomyelitis in man during the months of greatest incidence or during epidemics is quite apparent.
In conclusion, there may be broader implications in this approach to the prevention of certain infectious diseases transmitted naturally or experimentally by way of the nose. It seems desirable to make studies with other viruses transmitted by the nasal route, including those of influenza and the common cold. The evidence obtained in the present study that the chemically induced refractory state may persist in a large number of monkeys for a month or two after treatment over a period of 5 days or more, suggests that studies on indi-viduals who are subject to frequent attacks of common cold may perhaps be profitable. CONCLUSIONS 1. Sodium alum or tannic acid instilled intranasally in proper concentration and over a period of several days protects monkeys against subsequent infection by the nasal route with the virus of poliomyelitis.
2. While mice are protected against equine encephalomyelitis virus when 0.5 per cent solutions of either tannic acid or alum are used, the minimal concentration effective in preventing poliomyelitis in monkeys is 3 per cent, indicating different requirements as regards variations either in the host or the virus.
3. Treatment over a period of at least 3 days is required to induce resistance which, once developed, does not disappear quickly when the nasal instillations of the chemical are repeated daily.
4. Treatment for 3 days does not in itself confer sufficient resistance to endure for 48 to 96 hours, but when it is continued for 5 days or more the majority of monkeys (11 of 15) are still refractory about a month later, and about half the number (seven of 15) 2 months later, while at the end of 3 months normal susceptibility again prevails.
5. Neither tannic acid nor alum acts directly on the virus in a manner to prevent it from causing poliomyelitis by way of the nose; the action of these chemicals is rather on the tissues of the host (olfactory mucosa?), the changes leading to the refractory state requiring several days to be brought about.
6. Sodium alum does not have an early or primary effect favoring invasiveness of the virus, for when treatment is begun soon after the administration of the virus, the incidence of the disease is either unchanged or perhaps even lower than among monkeys not so treated.
7. Monkeys, rendered refractory by treatment, fail to exhibit evidence of specific humoral or tissue immunity after exposure to the virus.
8. 4 per cent tannic acid or sodium alum can be given to human beings with only slight discomfort and no apparent harmful effects. 
